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1 Introduction

The System Advisor Model (SAM) is a performance and financial model designed to facilitate decision
making for people involved in the renewable energy industry:

Project managers and engineers
Policy analysts

Technology dewelopers
Researchers

SAM makes performance predictions and cost of energy estimates for grid-connected power projects based
on installation and operating costs and system design parameters that you specify as inputs to the model.

Projects can be either on the customer side of the utility meter, buying and selling electricity at retail rates,
or on the utility side of the meter, selling electricity at a price negotiated through a power purchase
agreement (PPA).

For videos demonstrating how to use SAM for different kinds of projects, see the SAM website.

The following image shows SAM's main window showing monthly electricity generation and the annual cash
flow for a photowoltaic system.
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The first step in creating a SAM file is to choose a performance and financial model for your project. SAM
automatically populates input variables with a set of default values for the type of project. It is your
responsibility as an analyst to review and modify all of the input data as appropriate for each analysis.

Next, you provide information about a project's location, the type of equipment in the system, the cost of
installing and operating the system, and financial and incentives assumptions.

SAM Models and Databases

SAM represents the cost and performance of renewable energy projects using computer models dewveloped
at NREL, Sandia National Laboratories, the Uniwersity of Wisconsin, and other organizations. Each
performance model represents a part of the system, and each financial model represents a project's
financial structure. The models require input data to describe the performance characteristics of physical
equipment in the system and project costs. SAM's user interface makes it possible for people with no
experience developing computer models to build a model of a renewable energy project, and to make cost
and performance projections based on model results.

SAM requires a weather file describing the renewable energy resource and weather conditions a the project
location. Depending on the kind of system you are modeling, you either choose a resource data file from a
list, download one from the internet, or create the file using your own data.

SAM can automatically download data from the following online databases:

e OpenEl U.S. Utility Rate Database for retail electricity rate structures for U.S. utilities
¢ NREL National Solar Radiation Database for solar resource data and ambient weather conditions.
e NREL WIND Tooalkit for wind resource data.
SAM includes seweral databases of performance data and coefficients for system components such as

photowltaic modules and inverters, parabolic trough receivers and collectors, wind turbines, or biopower
combustion systems. For those components, you simply choose an option from a list.

For the remaining input variables, you either use the default value or change its value. Some examples of
input variables are:

e Installation costs including equipment purchases, labor, engineering and other project costs, land
costs, and operation and maintenance costs.
¢ Numbers of modules and inverters, tracking type, derating factors for photowltaic systems.

e Collector and receiver type, solar multiple, storage capacity, power block capacity for parabolic
trough systems.

e Analysis period, real discount rate, inflation rate, tax rates, internal rate of return target or power
purchase price for PPA financial models.

e Building load and time-of-use retail rates for commercial and residential financial models.
e Tax and cash incentive amounts and rates.
Once you are satisfied with the input variable values, you run a simulation, and then examine results. A

typical analysis involves running simulations, examining results, revising inputs, and repeating that process
until you understand and have confidence in the results.

Results: Tables, Graphs, and Reports

SAM displays simulation results in tables and graphs, ranging from the metrics table displaying the project's
net present value (NPV), first year annual production, and other single-value metrics, to the detailed annual
cash flow and hourly performance data that can be viewed in tabular or graphical form.
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A built-in graphing tool displays a set of default graphs and allows for creation of custom graphs. All graphs
and tables can be exported in various formats for inclusion in reports and presentations, and also for further
analysis with spreadsheet or other software.

The Results page displays graphs of results that you can easily export to your documents:
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SAM's report generator allows you to create custom reports to include SAM results in your project
proposals and other documents:
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Performance Models

SAM's performance models make hour-by-hour calculations of a power system's electric output, generating
a set of 8,760 hourly values that represent the system's electricity production owver a single year. Some
performance models also support subhourly simulations. You can explore the system's performance
characteristics in detail by viewing tables and graphs of the hourly and monthly performance data, or use
performance metrics such as the system's total annual output and capacity factor for more general
performance evaluations.

The Time Series graph on the Results page showing hourly electricity generation for a 100 MW parabolic
trough system with 6 hours of storage in Tuscon, Arizona:
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The current version of the SAM includes performance models for the following types of systems:

¢ Photowltaic systems (flat-plate and concentrating)

e Battery storage

e Parabolic trough concentrating solar power

e Power tower concentrating solar power (molten salt)

e Linear Fresnel concentrating solar power (heat transfer fluid and direct steam)
e Industrial process heat models for parabolic troughs and linear collectors
e Conwentional fossil-fuel thermal

e Solar water heating for residential or commercial buildings

e Wind power (large and small)

e Marine energy

e Geothermal power

e Biomass combustion

Financial Models

SAM's financial models calculate financial metrics for various kinds of power projects based on a project's
cash flows over an analysis period that you specify. The financial models use the system's electrical output

calculated by the performance model to calculate the series of annual cash flows.
SAM includes financial models for the following kinds of projects:

e Residential (retail electricity rates)
e Commercial (retail rates)
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e Third party ownership (retail rates and power purchase agreement)
e Power purchase agreement, PPA (utility-scale or power generation project)
» Single owner
» Leweraged partnership flip
> All equity partnership flip
» Sale leaseback
e Merchant plant

Residential and Commercial Projects

Residential and commercial projects are financed through either a loan or cash payment, and recover
investment costs by selling electricity through either a net metering or time-of-use pricing agreement. For
these projects, SAM reports the following financial metrics in addition to a detailed annual cash flow:

e Lewelized cost of energy (LCOE)

o Electricity bill with and without the power system

e After-tax net present value (NPV)

e Payback Period

Power Purchase Agreement (PPA) Projects

PPA projects are assumed to sell electricity through a power purchase agreement at a fixed price with
optional annual escalation and time-of-delivery (TOD) factors. For these projects, SAM calculates a detailed
annual cash flow and the following metrics:

o Lewelized cost of energy (LCOE)

e PPA price (electricity sales price)

e Internal rate of return

e Net present value (NPV)

o Debt percent or debt senice coverage ratio

SAM can either calculate the internal rate of return based on a power price you specify, or calculate the
power price based on the rate of return you specify.

Project Cash Flow

SAM calculates financial metrics from project cash flows representing the value of energy savings for
projects using retail electricity rates, and the value of revenue from electricity sales for projects selling
electricity under a power purchase agreement. For the PPA partnership models, SAM calculates cash flows
from the project perspective and from the perspective of each partner.

The following image shows sewveral rows of the cash flow table for a PPA project:
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The project annual cash flows include:

e Value of electricity sales (or savings) and incentive payments
e Installation costs
e Operating, maintenance, and equipment replacement costs
e Debt principal and interest payments
o Tax benefits and liabilities (accounting for any tax credits for which the project is eligible)
¢ Incentive payments
e Project and partner's internal rate of return requirements (for PPA projects)
Incentives

The financial model can account for a wide range of incentive payments and tax credits:

Investment based incentives (IBI)

Capacity-based incentives (CBI)

Production-based incentives (PBI)

Investment tax credits (ITC)

Production tax credits (PTC)

Depreciation (MACRS, Straight-line, custom, bonus, etc.)

Analysis Options

In addition to simulating a system's performance over a single year and calculating a project cash flow over
a multi-year period, SAM's analysis options make it possible to conduct studies inwlving multiple
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simulations, linking SAM inputs to a Microsoft Excel workbook, and working with custom simulation
modules.

The following options are for analyses that investigate impacts of variations and uncertainty in assumptions
about weather, performance, cost, and financial parameters on model results:

e Parametric Analysis: Assign multiple values to input variables to create graphs and tables showing
the value of output metrics for each value of the input variable. Useful for optimization and exploring
relationships between input variables and results.

e Stochastic: Assign multiple values to input variables using parameters for statistical distributions.

e P50/P90: For locations with weather data available for many years, calculate the probability that the
system's total annual output will exceed a certain value.

Finally, SAM's scripting language LK allows you to write your own scripts within the SAM user interface to
control simulations, change values of input variables, and write data to text files. SAM macros are LK
scripts that come with the software and can be run with no knowledge of scripting. SAM macros include a
weather file checker, multiple subsystems, photowoltaic system sizing assistant, and tornado plot generator.

SAM also makes it possible to work with external models dewveloped in Excel with Excel Exchange, which
allows Excel to calculate the value of input variables, and automatically pass values of input variables
between SAM and Excel.

Software Development History and Users

SAM, originally called the "Solar Advisor Model" was deweloped by the National Renewable Energy
Laboratory in collaboration with Sandia National Laboratories in 2005, and at first used internally by the U.S.
Department of Energy's Solar Energy Technologies Program for systems-based analysis of solar technology
improvement opportunities within the program. The first public version was released in August 2007 as
Version 1, making it possible for solar energy professionals to analyze photowltaic systems and
concentrating solar power parabolic trough systems in the same modeling platform using consistent
financial assumptions. Since 2007, two new wersions have been released each year, adding new
technologies and financial models. In 2010, the name changed to "System Advisor Model" to reflect the
addition of non-solar technologies.

The DOE, NREL, and Sandia continue to use the model for program planning and grant programs. Since the
first public release, ower 35,000 people representing manufacturers, project dewelopers, academic
researchers, and policy makers have downloaded the software. Manufacturers are using the model to
evaluate the impact of efficiency improvements or cost reductions in their products on the cost of energy
from installed systems. Project dewvelopers use SAM to evaluate different system configurations to maximize
earnings from electricity sales. Policy makers and designers use the model to experiment with different
incentive structures.

Downloading SAM and User Support

SAM runs on both Windows and OS X It requires about 500 MB of storage space on your computer.
SAM is available for free download at http://sam.nrel.gov.

To run SAM, you must register your copy of SAM by providing NREL with a valid email address.
SAM's website includes software descriptions, links to publications about SAM and other resources:
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Login | Register

E:E N R E L System Advisor Model (SAM) [Search ]

DCWHLOALY S U ] SR i - " = ABROUT

Download SAM Legacy Versions

Log on or Register fo download legacy
wergions of SAM

Download SAM 2017.9.5 for Windows
Windows 10/8/7, EXE 192 MB

smload 5AM 2017.9.5 for OS5 X
10.9 Inted or later, DMG 212 MB

Download SAM 2017.9.5 for Linux
Lirvun: -t KL MbB

The current varsion of Systern Advisor Model is SAM 2017.9.5. It requires about 300 MB of disk space, and
runs on Windows 10087, 05 X 10.9 or later, and Linux 64-bit operating systems. On Windows, SAM's
inslallation program automatically installs bath the 32-bit and 54-bit version on your computer. and the deskiop
and Stan menu shoculs point to the version of SAM that matches your compubers aperating sysbem. Only
B4-bit versions are available for 05X and Linux

The first time you start SAM, you musi provide a vaild email address 1o request a free registration key that

The following resources are available for learning to use SAM and for getting help with your analysis:
e The built-in Help system (also available on the website as a PDF from the Download page)

e User support forum: https://sam.nrel.gov/forum
e Webinars and demonstration videos: https://sam.nrel.gov

You can contact the SAM support team by emailing sam.support@nrel.gov.

SAM's help system includes detailed descriptions of the user interface, modeling options, and results:
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Model Structure

SAM consists of a user interface, SAM Simulation Core (SSC), and an application programming interface
(API). The user interface is the part of SAM that you see, and provides access to input variables and
simulation controls, and displays tables and graphs of results. SSC performs a time-step-by-time-step
simulation of a power system's performance, and financial calculations to generate a project cash flow and
financial metrics. The API allows programs to interact with SSC. You can write software to interact with the

API using the software development kit (SDK).

The user interface performs three basic functions:

e Provide access to input variables, which are organized into input pages. The input variables describe
the physical characteristics of a system, and the cost and financial assumptions for a project.

e Allow you to control how SAM runs simulations. You can run a basic simulation, or more advanced
simulations for optimization and sensitivity studies.

e Provide access to output variables in tables and graphs on the Results page, and in files that you
can access in a spreadsheet program or graphical data viewer.

SAM's scripting language, called LK, allows you to automate certain tasks. If you have some experience
writing computer programs, you can easily learn to write LK scripts to set the values of input variables by
reading them from a text file or based on calculations in the script, run simulations, and write values of
results to a text file. You can also use LK to automatically run a series of simulations using different
weather files.

Excel Exchange allows you to use Microsoft Excel to calculate values of input variables. With Excel
Exchange, each time you run a simulation, SAM opens a spreadsheet and, depending on how you've
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configured Excel Exchange, writes values from SAM input pages to the spreadsheet, and reads values from
the spreadsheet to use in simulations. This makes it possible to use spreadsheet formulas to calculate
values of SAM input variables.

Each renewable energy technology in SAM has a corresponding performance model that performs
calculations specific to the technology. Similarly, each financial model in SAM is also associated with a
particular financial model with its own set of inputs and outputs. The financial models are as independent as
possible from the performance models to allow for consistency in financial calculations across the different
technologies.

A performance simulation consists of a series of many calculations to emulate the performance of the
system owver a one year period in time steps of one hour for most simulations, and shorter time steps for
some technologies.

A typical simulation run consists of the following steps:
1. After starting SAM, you select a combination of technology and financial models for a case in the
user interface.
2. Behind the scenes, SAM chooses the proper set of simulation and financial models in SSC.
3. You specify values of input variables in the user interface. Each variable has a default value, so it is
not necessary to specify a value for every variable.

4. When you click the Simulate button, SAM runs the SSC performance and financial models. For
advanced analyses, you can configure simulations for optimization or sensitivity analyses before
running a simulation.

5. SAM displays graphs and tables of results in the user interface.

1.1 Performance Models

SAM's performance models run hourly or subhourly simulations to calculate the power system's electrical
output. The sum of these values is the total annual output that the financial model uses to calculate the
project annual cash flows and financial metrics.

Notes.

The solar water heating models calculate the thermal output of the system, assuming that it displaces
electricity that would normally heat water in a conventional electric water heating system.

Because of the nature of the technology, the geothermal model calculates system performance over a
period of years rather than hours.

SAM's detailed photowltaic, PVWatts, solar water heating, and physical trough models can perform
sub-hourly simulations for advanced analyses, but require sub-hourly weather data to do so.

Photovoltaic Systems

SAM models grid-connected photowoltaic systems that consist of a photowltaic array and inverter. The array
can be made up of flat-plate or concentrating photowltaic (CPV) modules with one-axis, two-axis, or no
tracking.

System Advisor Model 2020.11.29



SAM Help: Introduction Performance Models 24

Detailed Photovoltaic

The detailed photowoltaic model calculates a grid-connected photowltaic system's electrical output using
separate module and inverter models. It requires module and inverter specifications along with information
about the number of modules and inwverters in the system. You can either provide your own module and
inverter specifications from a manufacturer's data sheet, or choose a module and inverter from libraries. The
detailed photowltaic model models the effect of temperature on module performance, and has options for
calculating shading and other losses in the system. The model also includes a system sizing calculator to
help you determine the number of modules and inverters in the system.

Use the detailed photowoltaic model when you have information about the equipment that will be used in the
system.

PVWatts Model

The PVWatts model is an implementation of NREL's popular online photowoltaic calculator. It models a grid-
connected photowoltaic system using a few basic inputs to describe the system's nameplate capacity, array
orientation and mounting type, and system losses. PVWatts makes internal assumptions about module and
inverter characteristics for three types of modules. SAM's implementation of PVWatts includes options for
modeling shading that are not available with the online version.

Use the PVWatts model for preliminary project analysis before you have information about the type of
equipment you plan to use in the system, or for other analyses that require a reasonable estimate of a
photowoltaic system's electrical output.

High Concentration PV

The high concentration photowltaic model is appropriate for grid-connected photowoltaic systems with high
concentration photowltaic (HCPV) modules. The concentrating photowoltaic model uses separate models to
represent the module and inverter. It requires information about the design of the concentrator and efficiency
of the cell at different irradiance levels. For the inverter model, you can either use specifications from a
manufacturer data sheet, or choose an inverter from a library.

Battery Storage

SAM's electric battery storage model is available with the Detailed Photowoltaic and Generic System models
for either front-of-meter or behind-the-meter applications. A simplified version of the battery model is available
with the PVWatts model.

Detailed PV-Battery

The detailed PV-Battery model couples a grid-connected photowltaic system to a battery bank, which can
be connected to either the DC side of the photowltaic inverter, or the AC side of the system. The model
must be used with a financial model, and is modeled as a behind-the-meter application for the Residential,
Commercial, and Third Party Ownership financial models, and a front-of-the-meter application for any of the
Power Purchase Agreement (PPA) or Merchant Plant financial models. For behind-the-meter applications,
there is an automatic sizing and dispatch option that uses NREL's REopt Lite API.

PVWatts-Battery

The PVWatts-Battery model is a simplified implementation of the PV-Battery model for behind-the-meter
applications that is available with the Residential, Commercial, or Third Party Ownership financial models
and includes the automatic sizing and dispatch option that uses NREL's REopt Lite API.
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Generic System-Battery

The detailed PV-Battery model couples a grid-connected power system to a battery bank, which can be
connected to either the DC side of the photowltaic inverter, or the AC side of the system. The model must
be used with a financial model, and is modeled as a behind-the-meter application for the Residential,
Commercial, and Third Party Ownership financial models, and a front-of-the-meter application for any of the
Power Purchase Agreement (PPA) or Merchant Plant financial models. For behind-the-meter applications,
there is an automatic sizing and dispatch option that uses NREL's REopt Lite API.

Concentrating Solar Power

The concentrating solar power (CSP) models are for grid-connected thermal power plants that use solar
energy to generate steam to drive an electric power generation plant.

Note. The Integrated Solar Combined Cycle (ISCC) model was removed in SAM 2020.2.29. The model is still
available as part of the Legacy version SAM 2018.11.11.

Parabolic Trough (Physical Model)

The physical trough model calculates the electricity delivered to the grid by a parabolic trough solar field that
delivers thermal energy to a power block for electricity generation, with an optional thermal energy storage
system. The physical trough model characterizes many of the system components from first principles of
heat transfer and thermodynamics, rather than from empirical measurements as in the empirical trough
system model. While the physical model is more flexible than the empirical model (see below), it adds more
uncertainty to performance predictions than the empirical model.

Parabolic Trough (Empirical Model)

The empirical trough model models the same type of parabolic trough system as the physical trough model,
but uses a set of curve-fit equations derived from regression analysis of data measured from the SEGS
projects in the southwestern United States, so you are limited to modeling systems composed of
components for which there is measured data. The model is based on Excelergy, originally deweloped for
internal use at at the National Renewable Energy Laboratory.

Molten Salt Power Tower

A molten salt power tower system (also called central receiver system) consists of a heliostat field, tower
and receiver, power block, and optional storage system. The field of flat, sun-tracking mirrors called
heliostats focus direct normal solar radiation onto a receiver at the top of the tower, where a molten salt is
heated and pumped to the power block. The power block generates steam that drives a conventional steam
turbine and generator to convert the thermal energy to electricity.

Direct Steam Power Tower

The Direct Steam Power Tower model is not included in versions released after November 2020. The model
is available in the legacy SAM 2020.2.29 version, which you can download from the SAM website download

page.

Linear Fresnel Molten Salt

A molten salt linear Fresnel system consists of a field of slightly curved or flat Fresnel reflectors that focus
light on an absorber in the focal plane above the reflector. The absorber circulates a heat transfer fluid that
transfers heat to a power block. The system may include thermal storage.
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Linear Fresnel Direct Steam

A direct steam linear Fresnel system consists of a field of slightly curved or flat Fresnel reflectors that focus
light on an absorber in the focal plane abowve the reflector. Steam is used as the heat transfer fluid
throughout the system. The system may not include thermal storage.

CSP Generic Model

The CSP generic model model allows you to model a system that consists of a solar field, power block with
a conventional steam turbine, and optional thermal energy storage system. The model represents the solar
field using a set of optical efficiency values for different sun angles and can be used for any solar technology
that uses solar energy to generate steam for electric power generation.

Industrial Process Heat

Process Heat Parabolic Trough

The IPH parabolic trough model is a version of the CSP physical parabolic trough model with no power cycle
and modifications for process heat applications.

Process Heat Linear Direct Steam

The IPH linear direct steam model is for a linear collector using direct steam with no power cycle and
modifications for process heat applications.

Marine Energy
Marine energy systems convert ocean wawe or tidal energy to electrictiy.

Wave Energy

The marine energy wave model is for a system that uses a wave energy converter (WEC) to convert the
energy of ocean wawves into electricity

Tidal Energy

The marine energy tidal model is for a system that uses a tidal energy converter (TEC) to convert the energy
of ocean tides into electricity.

Generic System

The generic system model is a basic representation of a conventional power plant. The Generic technology
option makes it possible to compare analyses of renewable energy project to a base case conventional
plant using consistent financial assumptions.

The generic system model allows you to characterize the plant's performance either using one of two
options:
e Specify a nameplate capacity and capacity factor value: Assumes that the plant generates power at
a constant rate over the year.

e Specify an hourly our sub-hourly generation profile: Assumes that the plant generates power
according to the generation profile you specify.
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Solar Water Heating

SAM's solar water heating model represents a two-tank glycol system with an auxiliary electric heater and
storage tank for residential or commercial applications. The model allows you to vary the location, hot water
load profiles, and characteristics of the collector, heat exchanger, and solar tanks.

Wind

The wind power model can model a single small or large wind turbine, or a project with two or more large or
small wind turbines that sells power to the grid.

Fuel Cell-PV-Battery

The fuel cell-PV-battery model combines the PVWatts, battery, and a fuel cell model for systems that
combine a photowoltaic array and fuel cell with an optional battery bank.

Geothermal

Note. SAM's geothermal power model is for electricity-generating systems, not ground source heat
pumps or geo-exchange systems.

A geothermal power plant uses heat from below the surface of the ground to drive a steam electric power
generation plant. SAM analyzes the plant's performance ower its lifetime, assuming that changes in the
resource and electrical output occur monthly over a period of years, rather than over hours over a period of
one year as in the solar and other technologies modeled by SAM.

Biomass Power

A biomass power system burns a biomass feedstock (with or without supplementary coal) in a combustion
system to generate steam that drives an electric power generation plant.

1.2 Financial Models

SAM's financial models calculate a project's cash flow over an analysis period that you specify. The cash
flow captures the value of electricity generated by the system and incentives, and the cost of installation,
operation and maintenance, taxes, and debt.

Note. SAM is designed to calculate the value of electricity generated by a system. The economic
metrics it reports are based on units of electrical energy rather than thermal energy. The solar water
heating model calculates the value of electricity saved by the system, assuming that heat from the
system displaces heat that would be generated by a conwventional electric water heater without the solar
system.

The financial models can represent two main types of projects:

o Residential and commercial projects that buy and sell electricity at retail rates and displace
purchases of power from the grid.
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o PPA projects that sell electricity at a wholesale rate to meet internal rate of return requirements.

Residential and Commercial Owner

In SAM, residential and commercial projects buy and sell power at retail rates. They may be financed
through either a loan or cash payment (0% debt percent). These projects recower investment costs by
selling electricity at rates established by the electricity senice provider. SAM calculates metrics for these
projects at the project level, assuming that a single entity dewelops, owns, and operates the project.

For residential and commercial projects, SAM calculates the project's lewelized cost of energy (LCOE),
which represents the cost of installing and operating the system, including debt and tax costs, and
accounting for incentives. The model also calculates the net present value (NPV) of the after tax cash flow,
and a payback period representing the number of years required for the cumulative after tax cash flow to
cowver the initial equity investment in the project.

Commercial projects may qualify for tax deductions under the Modified Accelerated Depreciation Schedule
(MACRS) described in the United States tax code. SAM provides options for specifying custom depreciation
schedules in addition to the MACRS mid-quarter and half-year schedules on the Depreciation page.

Residential and commercial projects are typically smaller than 500 kW, although SAM does not restrict
system sizes, so it is possible to model any size system using either the residential or commercial financial
model.

SAM's Electricity Rates page provides a range of options for specifying the retail electricity rate structure for
a project. The rate structure may include any of the following:

e Flat buy and sell rates (with or without net metering)

e Time-of-use energy charges

e Monthly demand charges (either fixed or time-of-use)

e Tiered rates

e Fixed monthly charges

For projects with demand charges and tiered rates, SAM requires electric load data, which is specified on
the Electric Load page.

Third Party Ownership

In a third party ownership project, a photowoltaic system is installed on a residential or commercial property.
The property owner, or customer, makes an agreement with a third party who installs, operates, and owns
the system. The system reduces the customer's electricity bill, and the customer makes payments to the
third party owner for the system, either through a lease agreement or a power purchase agreement.

The Host model is from the host perspective, and allows you to compare a lease agreement with a power
purchase agreement.

The Host / Deweloper model is from the developer perspective to determine a power price that covers the
developer's costs.

Power Purchase Agreement (PPA)

PPA projects sell all of the electricity generated by the power system at a price negotiated through a power
purchase agreement (PPA) to meet a set of equity returns requirements. A PPA project may involve one or
two parties.
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SAM provides options for calculating a power purchase price given a target internal rate of return, or for
calculating the rate of return given a power purchase price.

The power price can be made to vary annually over the analysis period using either a fixed annual escalation
rate, or by assigning a separate price to each year. The price can be made to vary diurnally using time-of-
delivery (TOD) factors defined either using hour-by-month schedules or hourly (or subhourly) time series
factors.

Single Owner

In the Single Owner model, the project owner builds, owns, and operates the power system and has
sufficient tax liability to fully utilize all tax benefits. The owner may be either the original deweloper or a third-
party tax investor that purchases the project from the dewveloper.

Partnership Flip with and without Debt

The partnership flip with debt (Leveraged Partnership Flip) and partnership flip without debt (All_Equity
Partnership Flip) models are for two-party projects that involve equity investments by a project deweloper and

a third party tax investor.

The investor has sufficient tax liability from its other business operations to fully utilize tax credits and
depreciation deductions in the years in which the project generates the benefits. The project sets up a
limited liability entity, and once the project begins generating and selling electricity, all of the project’s net
cash flows and tax benefits are passed through this entity to its owners.

The project allocates a majority of the cash and tax benefits to the investor when the project begins
operation and until the "flip year" when tax investor receives a pre-negotiated after-tax internal rate of return
or "target IRR.” Once the target IRR is reached, a majority of the cash and any remaining tax benefits are
allocated to the developer.

Sale Leaseback

The Sale Leaseback model is another two-party structure that involves a tax investor purchasing 100% of
the project from the deweloper and then leasing it back to the deweloper. This structure differs from the
partnership flip structures in that the tax investor and the deweloper do not share the project cash and tax
benefits (or liability). Instead, each party has its own separate cash flow and taxable income.

The purchase price paid by the tax investor is equal to the total project cost, less a lease payment and the
value of working capital reserve accounts. The dewveloper typically funds the reserve accounts to ensure it
has some financial exposure. The tax investor receives lease payments from the deweloper and any
ownership-related incentives such as the tax credits, incentive payments, and the depreciation tax
deductions. The developer operates the project and keeps any excess cash flow from operations, after
payment of all operating expenses and the lease payments. This provides the deweloper with an incentive to
operate the project as efficiently as possible.

Note. SAM assumes that the tax investor receives the ITC in the sale leaseback structure. SAM does
not model alternative lease structures that treat the ITC differently.

Below is a table summarizing the five structures.
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Equity Owners

Project Debt

Return Target

Cash Sharing

All Equity
Partnership Flip

Tax investor
Developer

No

Tax investor after-
tax IRR
(Flip Target)

Pre-Flip: Bifurcated
Post-Flip: Primarily
deweloper

Leveraged
Partnership Flip

Tax investor
Deeloper

Yes

Tax investor after-
tax IRR
(Flip Target)

Pre-Flip: Pro rata
Post-Flip: Primarily
deweloper

Sale Leaseback

Tax investor
(Lessor)

No

Lessor after-tax
IRR

Lessor: Lease
payment
Lessee: Project
margin

Single Owner

Deeloper

(third party if sold)
Optional (owner
choice)

Owner after-tax IRR

Owner receives
100% of project
cash

Tax Benefit Pre-Flip: Primarily  Pre-Flip: Primarily ~ Tax investor and Owner receives
Sharing tax investor tax investor developer have 100% of project tax
Post-Flip: Primarily Post-Flip: Primarily different taxable benefits
developer dewveloper incomes
ITC and

Depreciation goes
to tax investor

Merchant Plant

The Merchant Plant model is similar to the Single Owner model described above, except that power
generated by the system is sold at market prices that can vary on an hourly (or subhourly), daily, or monthly
basis ower the project life. Revenue can be from energy production, ancillary senices and capacity
payments, or a combination of the three.

LCOE Calculator

The LCOE calculator uses a simple method to calculate the project's levelized cost of energy (LCOE). You
provide the installation cost, operating costs, and a fixed charge rate as input, and the model calculates the
LCOE based on the annual energy generated by the system. The calculator can also calculate the fixed
charge rate when you provide basic financial parameters.

1.3 User Support

For information about SAM in addition to this Help system, please use the following resources on the SAM
website:

e Support forum to search for answers and post questions about SAM. To participate in the forum,
you must register on the SAM website.

e See the Ewvents page for links to upcoming webinars, online round tables and other SAM-related
events.
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o Webinar recordings are available on the Videos page of the performance and financial model pages.

e Technical references for SAM's performance model are listed on the Publications page for each
technology.

e Excel workbooks documenting methods in SAM's financial models are listed on the Financial Model
pages.
To contact SAM support:

e Post a question or comment on the Support forum.
e Send an email to sam.support@nrel.gov.

1.4 SAM Versions

NREL releases new SAM versions and updates periodically. You can download the latest version from the
SAM website at https://sam.nrel.gov/download.
SAM's Welcome page also displays news from the SAM team, including announcements of new versions.

Related topics:
e Software Installation
e Reqistration

SAM Version Information

The SAM wersion number consists of a date and may be followed by a revision number. For example SAM
2018.1.18 r4 was originally released on January 18, 2018 and updated to Revision 4.

SAM displays the version number in the title bar of the Main window:

* SAM 2020.2.29

Filewv (F)Add  unitled v

Photowvoltaic, Residential

Solar Resource

Location and Resource The Solar Reso

L P P The default liki

You can more detailed SAM version information by opening a Help window (press the F1 key or click Help)
and then clicking About:
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* System Advisor Model Help O x

Back Home Website Forum Email support Release notes  Scripting reference About Close

System Advisor Model

Version 2020.2.29, GarorsTa\ RYCT S L N AL Ke )|

Updating SAM

If a newer version of SAM is available on the SAM website than the version installed on your computer, you
can download and install it to update SAM. You can either keep the older version on your computer, or
remowe it using your operating system's uninstall program.

Legacy Versions

In some cases you may want to use a legacy version of SAM instead of the current version, for example to
compare results from older versions, or to use a feature that has been discontinued in the current version.
You can download legacy \ersions from the SAM website at https://sam.nrel.govdownload. See Software
Installation for more information.

1.5 Models and Databases

This topic lists all of SAM's performance models and describes the component-level models and databases
SAM uses.

System Performance Models

The system models represent a complete renewable energy system and were dewveloped by NREL using
algorithms from partners listed below.
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Model Name

Photowoltaic (detailed)

Photowoltaic (PVWatts)

High concentration PV

Wind

Biomass Combustion
Geothermal

Solar Water Heating

Generic System

CSP Parabolic Trough (Physical)
CSP Parabolic Trough (Empirical)
CSP Power Tower Molten Salt
CSP Linear Fresnel Molten Salt
CSP Linear Fresnel Direct Steam
CSP Generic Model

CSP Integrated Solar Combined Cycle
Process Heat Parabolic Trough

Process Heat Linear Fresnel Direct Steam

Component Performance Models

Model Developer

NREL with component models from Sandia National
Laboratories and the University of Wisconsin

NREL

NREL

NREL

NREL

NREL, Princeton Energy Resources International
NREL

NREL

NREL, University of Wisconsin
NREL

NREL, University of Wisconsin
NREL

NREL

NREL

NREL

NREL

NREL

The detailed photowoltaic and wind power models include options for choosing a component performance

model to represent part of the system.
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Model Name Component Developer
Simple Efficiency Module Model @ Photowltaic module NREL
CEC Performance Model with Photowoltaic module University of Wisconsin
Module Data base
CEC Performance Model with Photowoltaic module Adapted by NREL
User Entered Specifications
Sandia PV Array Performance Photowoltaic module Sandia National Laboratories
Model with Module Database
Single Point Efficiency Inverter Inverter NREL
Sandia Performance Model for Inverter Sandia National Laboratories

Grid Connected PV Inwerters
Wind Turbine Design Model Wind Turbine NREL
Wind Power Curve Model Wind Turbine NREL

Component Parameter Databases

Some of the component models use a library of input parameters to represent the performance
characteristics of the component. The libraries listed below are owned by organizations other than NREL.

Library Name Component Owner
CEC Modules PV module California Energy Commission
Sandia Inverters Inverter Sandia National Laboratories
Sandia Modules PV module Sandia National Laboratories

Online Financial Model Data

SAM can automatically download data from the following online databases to populate values on its financial
model input pages.

Database Name Type of Data Database Manager
OpenEl U.S. Utility Rate Retail electricity prices and rate NREL and lllinois State University
Database structures

Online Renewable Resource and Weather Data Sources

SAM can automatically download renewable energy resource and weather data from the following online
databases.

Database Name Type of Resource Data Database Manager
National Solar Radiation Database Solar and Meteorological NREL
Wind Integration Datasets Wind and Meteorological NREL with 3Tier and AWS
Truepower
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Solar and Wind Resource Files

SAM comes with a small set of sample weather files for the solar and wind performance models. You can
use the download tools on the Location and Resource page to download solar resource data and from the
Wind Resource input page to download wind data.

2 Getting Started

The following procedure describes the basic steps to set up and run a simulation of a project.

See also:

e Financial Models
e Performance Models

1. Create a project
When you start SAM, it displays the Welcome page with several options for creating or opening a file.
To create a project, Start a new project.

B3 sam 2014101

Start a new project >

Open a project file

MNew script Open script

2.Choose models

Your project is made up of a performance model for the power system and an optional financial model for the
project's financial structure.

To choose models, click the performance model name in the list, and then click the financial model that
appears in the list to the right:
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B sam 2020.2.29

> Photovoltaic v Power Purchase Agreement

> Battery Storage Single Owner

v Concentrating Solar Power
...then, choose a financial model

Parabolic Trough - Physical from the list that appears.

Parabolic Trough - Empirical
Power Tower Molten Salt Merchant Plant

Power Tows .
First, choose a

BLLEIgNE  performance model...

When you choose a financial model, and click OK, SAM creates a new file and populates all of the input
variables with values from the default values database.

3. Review inputs

After creating your file, open each input page and review the default assumptions.
See Input Pages for details.

4. Run a simulation

To run a simulation, click Simulate at the bottom left of the main window.

(w1

Simulate > v

Parametrics Stochastic

P50 / P90 Macros [l

See Run Simulation for details.

5. Review results

When simulations are complete, SAM displays a summary of results in the Metric table.
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Metric Value

Annual energy 37,211,968 kWh [ p==Pperformance metrics
Capacity factor 21.2%

First year KWhAC/kWDC 1,861 KWh/kW

Performance ratio 0.78 -

PPA price (Year1) 1033 ¢/kWh  [Je=Financial metrics
PPA price escalation 1.00 %

Levelized PPA price (norminal) 11.20 ¢/kWh

Levelized COE (nominal) 1048 ¢/kWh

Met present value 52723177

Internal rate of return (IRR) 11.00 %

Year IRR is achieved 20

IRR: at end of analysis pericd 1276 %

Met capital cost 541,179 084

Equity §19,478,956

Size of debt £21,700,130 o

You can display graphs and tables of detailed results data on the Results page.

2.1 Welcome Page

When you start SAM, it displays the Welcome page with options for starting your work session and
messages about SAM from NREL's SAM dewvelopment team.

Tip. To return to the Welcome page after creating a case, on the File menu, click Close, or press ctrl-
W.
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O sammera

+iNREL

Start a new project »

Announcements

Open a project file

Do wou have a guestion about SAM? A suggestion for improving it? If so, please consider
M sonpl

|]ar1|r_|p.'|1mg inaSAaM Bound Table session Eggiﬂrg;ign 1% frese, These 30-minute online

sessions are held every other Thursday at 2:30 pm Mountain time (GMT-7) -- all you need
1o participate i$ a computer with an internel conmnection

O BCrpl

.u-l;iﬁ

38

To start a new Qroiect:

1. Click Start a new project.
2. Choose models.

Note. If you are modeling a wind system, you can use the Wind Wizard to create the project. The
Wizard steps you through the inputs you need to create a basic case. To run the Wind Wizard, click
Quick start for new users at the bottom left corner of the Welcome page, and then click Wind Wizard.

To open an existing SAM project:

1. Click Open a project file to open an existing SAM project stored in a .sam file.
2. Double-click the name of a recent .sam file in the list at the bottom right of the Welcome page.

To create or open an LK script:

e Click New script to create a new script, or

click Open script to open an existing script stored in a .Ik file.

To see or change your registration information:
o Click Registration.

The SAM Registration window displays the email address you used to register SAM and your SAM
key.
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To display version information:
e Click About.

The About page displays the versions numbers for your copy of SAM along with the NREL legal
disclaimer.

2.2 Create a Project

A SAM project consists of one or more cases. Each case stores inputs and results for a renewable energy
system. When you save a project, SAM creates a project file with the .sam extension.

To create a SAM project:

1. On the Welcome page, click Start a new project to create a new project, or on the Eile menu,
click New project.

2. Choose models for your project.
SAM creates the project with a single case with all input variables populated with default values.
3. On the File menu, click Save to save the project as a .sam file.

New project

New script

Open project

Open script

Save

Save as...

Save with hourly results

Import cases...

Inputs browser...

Close

Quit
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2.3 Choose Models

When you create or modify a case, you must choose the performance and financial model that best
describes your project.

> Photovoltaic v Power Purchase Agreement
> Battery Storage Single Owner
v Concentrating Solar Power

Parabolic Trough - Physical ...then, choose a financial model

from the list that appears.

Parabolic Trough - Empirical

Power Tower Molten Salt Merchant Plant

Power Towsg
First, choose a

NLEEIMNESl  performance model...

To choose the performance and financial model:

1. Choose a performance model: In the left column, click the name of the performance model for case.
For a description of the models, see Performance Models.
When you choose a performance model, SAM displays the all of financial models available for that
performance model.

2. Choose a financial model: In the right column, click the name of the financial model. For a
description of the financial models, see Einancial Models.

3. Click OK to create or modify the case.

Note. When you change the performance or financial model for a case, SAM populates new variables
with default values. Be sure to review the variables on each input page to make sure that they are
appropriate for your analysis.

Identifying the Models for a Case

When SAM displays the case, you can verify that the performance and financial model are correct on the
Main Window:
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Bl sam 2020.2.29
File v Add untitled v

PV-Battery, C ial
€ry. Lommerca Solar Resource

Location and Resource  Solar Resot

o The e A Bl Fike

Changing a Case's Models

To change the performance model or financial model for an existing case, on the case's menu, click
Change model:

#* SAM 2020.2.29

File v @Add untitled v

PV-Battery, Comm¢  Gjp [ate

Location and ResoEEE R (3 9oL

Module Clear all results

Rename
Inverter

Duplicate

System Design Delete

Shading and LayoUSSRW lelV=-Rl=l4

Losses Move right

. Change model...
Grid Limits .
Reset inputs to default values r col

Battery Storage Excel exchange...
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2.4 Main Window

After you choose the models for your analysis, SAM displays the main window, which gives you access to

the input pages for each case in the project:

N - = -, - » Es-:ahtlnnR.ite .
[ Navigation Performance and financial SAWh PPA price escalation L Selyear
Menu model for current case
It ‘Anahysis period 5 years Inflaticn rate 25 Slyear
Real discount rate B.2 Shfyear

System Design
Mominal discount rate 1050 Sfyesr

Shad
“ding Tax and Insurance Rates

Losses Federal incame tax rate 15 Wiyear Property Tax

_ ~ rate T Wfyear Assessed percentage 100 % of installed cost
o o :

System Costs Active Input Page Assessedvalue  §38,20877200
Degradation es tax 5 % of total direct cost Annual decline 0| Syear

Insurance rate (annual) 05 % of installed cost Property tax rate 0 Hfyear
Financial Parameters
_ £ Dal Fact Salvage Value

Ime oF Lkelivery Factors
vETy e Met sablvage value 0 % of installed cost End of analysis peniod value 50
Incentives
@ Project Term Debt Input Page
Depreciation
Project Term Debt

13  The DSCR determines the size of debt. SAM calculates the debt fraction assuming a constant DSCR,
and reparts debt and equity amounts on the Results page.

Click Simulate to start simulations

1 Tenor 18 years
/ Anrvual sll-in inkerect rate T%
Simulate > I_‘_
-~ ) Debt clesing costs 450000 5
RIS R A Up-frontfee 275 %of total debt
P50/ P30 Macros i i v )

Shortcut Menus

A down arrow in SAM indicates a context menu. Click the button to show a list of commands or
options:

CEC Performance Model with Module Database v
[] Simple Efficiency Module Model
B CEC Performance Model with Module Database
[ CEC Performance Model with User Entered Specifications
[] Sandia PV Arr

ay Performance Model with Module Database
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Case Tabs

The case tab cases in the project and a context menu with commands for managing cases. A project may
consist of a single case, or may contain more than one case.

i

Ed sam 2015630

= (PHNew Rooftop PV v Small wind v"t Residential solar water v

Wind, Residential

Simulate

Wind Resource | Create report
Wind Turbine Clear all results a few letters of the r
Wind Earm Rename
Duplicate Soate
System Costs Delete Con
Lifetime Move left pentat... Ii
Financial Parameters ieeg gl b TX
enties Change model... .y Ii
Reset inputs to default values entati.. UT
Electricity Rates Excel exchange... ) fi vwi

2.5 Input Pages

Use the input pages to \erify and change values of input variables for your analysis.

e The navigation menu displays different input pages.
e Text and variable colors indicate whether a variable is an input or calculated value, and whether or
not it is active.
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Trowigh (phys.), Single cwner Solar Field Parameters

Location and Resource @ Option 1: Solar multiple
) Ciption 2: Field aperture
Solar Field P
Collectors (SCAs) R ;
v oW Spacing
Button to select —
Receivers (HCEs) i
InDUt page Deploy angle

Power Cycle |

— H i I
hermal Storage eader pipe roughness
HTF pump efficiency

Parasitics

Freeze pratection temp

- Irradiation at design
System Costs
Allow partial defocusing
Degradation Design Point
Single lagp aperture
Leop optical efficiency

Total loop conversion efficiency

Financigl Parameters

Time of Delivery Factors
= . Total requined aperture, SM=1
Incentives

Reguired number of loops, 5M=1

Depraciation ob Ovicrtat

Collector tilt

Collector azimuth

Mirror Washing

Mumber of field subsections

44
Heat Tramsfer Fluid
2 Field HTF fiuid [ Thesrninl VP-1 -]
877000 |m* User-defined HTF fluid
Field HTF min operating temp 12 “C
15 m Fiedd HTF max operating temp 400 *C
170 deg Design loop inlet temp 23 °C
10 deg Design loop outlet temp 20 “C
- Min single loop flow rate 1 kgfs
457e-005 m Max single koop flow rate 12 kg's =
0.85 Min field flow velocity 0356100 m/s
150 *C May field flow velocity 496554 m/s
950 Wym® Header design min flow velocity 2 mis
¥ | simuttanecus k. Header design max flow velocity 3 mis
7624 m' Actual number of loops 230
0.7445601 Total aperture reflective area 865352 m*
0.716854 Aictusl solar multiple 2
431859 m' Field thermal output S38235 MR
114.782
0 deg
0 deg
Plant Heat Capacity
N Hot piping thermal inestia 0.2 EWht/K-Mat
‘Water usage per wagh 07 L/maper.
» Washes per year = Cald piping thermal inetia 0.2 kWht/K-hMnit
Simulate > Field loop piping thermal inestia 45 Wht/K-m
rland Area
Selar Field Area B4l acres Mon-Solar Field Land Area Multiplier 14 Tatal Land Area 808 acres =

SAM's input pages provide access to the input variables and options that define the assumptions of your

analysis.

When you start a project by creating a new file SAM populates all of the input variables with default values
so that you can get started with your analysis even before you hawe final values for all of the input variables.

Tip. To see a list of all input variables and their values for each case in your file, on the File menu, click

Inputs browser.

Navigation Menu

The navigation menu shows buttons for input pages for the performance model at the top of the list, and
input pages for the financial model at the bottom:
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B =2m a0

Trough (phys.), Single cwner

Input pages for

Location and Resource
performance model

Solar Field

Collectors [SCAS)
Recaivers (HCEs)
Power Cycle

Thermal Storage

\ F Sitic
N Input pages for
l,a’ System Costs N financial model

Degradation

Financial Farameters “
Time of Delivery Factors

Incentives

Depreciation
\ /

P,

Colors of Text and Variables

SAM indicates different kinds of variables with colors.

Input Variables
Input variables that you can change are in white boxes with black values:

Capital Costs
Cost per KW
Turbine cost 54,673.00/ W
Balance of Systern cost 52,267.00/kKW

Calculated Values

Blue indicates a value that you cannot edit: Either a calculated value, a value from another input page, or a
value from a library:

Optical Calculations

Length of single module 833333 m
1AM at summer solstice 1.00366
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Tip. In Windows, press the F1 key (Command-? in OS X) to see the Help topic with descriptions of the
equations SAM uses for most calculated values.

Inactive Variables

Gray data boxes show values for your reference. For example, these input variables on the Location and
Resource page show annual averages calculated from data stored in the weather file. You cannot modify
data in gray:

MOCT method parameters

Mounting standoff | Ground or rack mounted

Array height | One story building height or lower

Web Links

Blue underlined text indicates links to websites with useful information related to the input page:

Visit 540 weather data website

2.6 System Costs

When you run SAM, you provide information about the cost of installing and operating the system by
specifying inputs on the System Costs page. SAM organizes the costs into three categories:
e Direct capital costs for equipment purchases and installation labor
e Indirect capital costs for permitting, engineering, and land-related costs
e Operation and maintenance costs for labor, equipment, and other costs associated with operating
the project
You can also specify costs associated with financing the project on the Einancial Parameters page:

e Construction loan

e Project loan

e Taxes and insurance

e Fees associated with the project structure for projects involving two partners or a lease

When you create a new case or file, SAM populates inputs with default values to help you get started with
your analysis. For example, if you create a case for a utility-scale photowoltaic project with a single owner,
SAM populates the inputs on the Financial Parameters and System Costs pages with values that are
reasonable for a typical PV project for power generation in the United States. The default values are just a
starting point: As you dewelop and refine your analysis, you should change the inputs to values that are
appropriate for your analysis scenario.

Here's an example: The default module cost for a PV project with the single owner financial model in SAM
2012.5.11 is $1.95/Wdc. That cost is based on NREL research on benchmark prices in the United States to
help the U.S. Department of Energy's Solar Energy Program evaluate its programs. Obviously, the module
price for a real project is likely to be different than the benchmark U.S. price, and it is up to you to determine
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appropriate costs for your analysis. For the other technologies (concentrating solar power, wind, biomass,
geothermal, and solar water heating), the default costs are similarly representative values based on the U.S.
market at the time of the SAM release.

Note. For a list of web resources with costs for renewable energy projects, see Cost Data pages for
each technology on the SAM website.

SAM displays different cost categories on the System Costs page for different technologies:
e Photowoltaic (PV) Systems (with and without battery storage)
e Wind
e Marine Energy Wave
e Marine Energy Tidal
e Biomass Combustion and Biomass Feedstock
e Geothermal Power
e Solar Water Heating
e Generic System (with and without battery storage)

e Parabolic Trough

e Power Tower

e Linear Fresnel

e Generic Solar Model

2.7 Financial Model Inputs

Annual Electrical Output

The cash flow models for the different financial models require a single value representing the system's total
electrical output in a single year to determine the project's annual income (PPA models) or savings
(distributed generation models). The performance model calculates this value by adding up the results of an
hourly (or sub-hourly) simulation of the system's performance ower the year. The weather data and system's
technical specifications from the performance model's input pages determine the annual output of the
system.

When you specify a degradation rate on the Lifetime page, SAM reduces the annual output from year to
year in Years Two and later. When the value rate is zero, SAM assumes that the annual output is the same
for all years in the analysis period.

Note. For geothermal systems, SAM uses a different method for calculating annual output that depends
on the long-term resource data rather than the degradation rate.

Financial Model Inputs

SAM's input pages are organized so that groups of related input variables appear together. Variables on the
following input pages are inputs to the financial models. The input pages that are available depend on the
financial model:

System Costs (all models): Installation and operation and maintenance (O&M) costs for the project.
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Financial Parameters (all options): Financial structure, debt parameters, tax and insurance rates, partner
shares, etc:

e Residential

e Commercial

e Third Party Ownership - Host

e Third Party Ownership - Host / Developer

e Single Owner

e Merchant Plant

o All Equity Partnership Flip

e Leweraged Partnership Flip
e Sale Leaseback

e | COE Calculator
Incentives:

e Incentives (all models): Tax credits and cash incentives.
e Depreciation (commercial and PPA models): Accelerated depreciation tax benefit.

Electricity Rates and Load:

e Electricity Rates (residential and commercial models): Retail electricity pricing.
o Electric Load (residential and commercial models): Building electricity usage.

Thermal Rates and Load:

e Thermal Rates (fuel cell model with commercial financial model): Retail thermal energy pricing.
e Thermal Load (fuel cell model): Thermal energy usage.

Financial Model Results

The Results page displays the cash flow and economic metrics that summarize the cash flow, such as the
levelized cost of energy (LCOE), net present value (NPV), and others depending on the financial model.

2.8 Run Simulation

After reviewing and modifying inputs on the input pages, click Simulate to run a simulation.

After you run a simulation, SAM may display notices with information about the simulation. You can also
display the notices any time by clicking Notices.

Simulate >

Parametrics Stochastic

P50 / P90 Macros

You can also run a simulation from the Case menu or by pressing the F5 key:
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E3 sam 2014101

Module Clear all results

Rename
Inverter

Duplicate

Svwctam Nacinn

2.9 Results

After you run a simulation, SAM displays results from both the performance and financial models. You can
export data from any graph or table displayed on the results pages to Excel or text files.

To display results:
e Click Simulate to run a simulation and display results.

e

Simulate >

Parametrics Stochiastic

P50 / P90 Macros S

Simulate »

Parametrics Stochastic

P50 / P90 Macros

Use the tabs along the top of the Results page to display tables and graphs of data:

If you do not see all of the tabs because of the width of your computer's screen, click the ellipses to show
tabs that do not fit in the horizontal bar:
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R

Heat map
PDF / CDF

Notices

Performance Model Results

Summary displays the Metrics table with key metrics and graphs that summarize the performance
model results, such as total annual electrical output, capacity factor, etc.

Losses shows an energy loss diagram (not available for all performance models).

Graphs allows you to create graphs of variables with hourly, monthly, annual, and single values.
Data allows you to build tables of hourly, monthly, and annual results.

Time series graphs display time series data and statistical graphs of hourly or subhourly data.
Profiles displays time series data as daily profiles by month.

Statistics displays the mean, maximum, minimum, sum, standard dewvation, and average daily
minimum and maximum values of time series data.

Heat map displays one year's worth of time series data set in a single two-dimensional graphical
representation using colors to indicate magnitude.

Financial Model Results

SAM's financial model uses the sum of the performance model's 8,760 hourly output values in kWh as an
input representing the system's total annual electrical output in kWh. The financial model then calculates
the project's cash flow based on the inputs you specify on the System Costs and Financial Parameters
pages. SAM displays financial model results in the following places:

2.10

Summary displays the Metrics table with key metrics such as the LCOE, PPA price, IRR, and
payback period and graphs of the project's after-tax cash flow.

Cash Flow shows details of the project's cash flow.

Data allows you to build tables of cost and cash flow data along, metrics, and time-dependent
electricity sales and price data.

Time series data includes time-dependent electricity sales and price data.

Videos

For video demonstrations of SAM's performance and financial models and other features, see the Videos
pages for the different performance and fincnaial models on the SAM Website.

See the SAM YouTube channel for recordings of all SAM webinars.

To register for upcoming webinars and round tables, see the SAM website Events page.

Note. The videos may show features in older versions of SAM that have been updated since the
recording was made.
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3 Reference

3.1 File Menu

SAM's File menu provides access to commands for managing projects and scripts, and opening the inputs
browser. See Keyboard Shortcuts for additional functions.

New project

Create a new project file using default input values.
i ~ SAM opens a project with a single case and no
New project Ctrl-N results.

New script New script

] Open the script editor for a new new LK script.
Open project P P

Open project

C}lpen scrlpt Open an existing SAM project file (.sam) file.

>ave Open script
Save as Open an existing script file (.Ik) in the script editor.
Save with hourly results Save _ -

y Sawve the project as a SAM (.sam) file in its current
Import cases... location.

This option saves annual and monthly results, but
does not save hourly results to minimize the size of
the file. When you open the file after closing it you
will need to run a simulation to view hourly data on
Quit the Results page.

Inputs browser...

Close

Save As
Sawve the project as a SAM (.sam) file in a different
location or with a new name.

Save with hourly results
Sawve the project as a SAM (.sam) file in its current
location, and include hourly results.

Use this option if you want hourly data to be available
on the Results page when you or someone else next
open the file after closing it.

Import cases
Import one or more cases from another .sam project
file.
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Inputs browser
The inputs browser lists all of the input variables for
all cases in the project file. You can use the browser
to export a list of input variables and their values to
CSV files, and to compare input variables across
cases in your file.

Close
Close the project without exiting SAM or saving a file.
SAM displays the Welcome page when you close a
project.

Quit
Close the project and exit SAM without saving a file.

3.2 Case Menu

The case menu displays commands for the current case. Click the arrow on the case tab to display
the menu. See Keyboard Shortcuts for additional functions.

_ e Simulate
Small Wind ¢ Runs a simulation for the current case.
Equivalent to clicking the Simulate button.

Simulate

Simulate Create report

Create report Run the report generator to create a PDF

_ report for the current case. When you create

Clear all results a report, SAM first runs a simulation to be
) sure there are results to include in the

Rename report.

DIJ[]|ICEI’[E Clear all results

Clears results from the current case. SAM
removes any graphs you may hawe created

Move |eft for the case.
Move right Rename
Change the name of the current case.
Change model... _
Duplicate
Reset inputs to default values Create a copy of the current case.

Excel exchange... Delete
Delete the current case.

Generate code...
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Move left
Mowe the current case's tab to the left in the
toolbar.

Move right
Mowve the current case's tab to the right in
the toolbar.

Change model
Change the performance model, financial
model, or both for the current case.

When you change one model, SAM retains
the input values of the other model and
assigns default values to the inputs of the
model you changed. For example, if you
change a PVWatts/Residential case to
Detailed Photowltaic/Residential, SAM
keeps the Residential financial model's
inputs, and changes the performance model
to detailed photowltaic with its default
values.

Reset inputs to default values
Replaces all inputs variable values with
default values.

Excel exchange
Configure the case for Excel Exchange to
exchange input variable wvalues with a
Microsoft Excel workbook.

Generate Code
Export the input variables for the current
case to a text file containing code in one of
the languages supported by the Software

Development Kit.

3.3 Manage Cases

A case is a complete set of input data and results. A project file contains at least one case. SAM uses tabs
to display each case in the file, analogous to the way Excel displays worksheets in a workbook.

SAM highlights the active case name:
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Ed sam 204101

@ (®New Rooftop PV v Small wind v Residential solar water v

Wind, Residential Wind Turbine
Wind Resource @ Selectaturbil Active case I Search for:
() Define turbine design charactenstics
Wind Turbine Name

When there are more cases than can be displayed, click the ellipses to list the cases that are not \isible:

[ a

EA sam 2014101 |2 2]

e ik E
PVWatts, Residential d 1 . rce Iil.'fr-l—|

Location aﬂd Resource i Click a name in the list 1 am the libi
downloading a file (see i

Search for:

m

System Design

m

Why Use Cases?

By creating more than one case in a file, you can easily compare the assumptions and results of different
analysis scenarios. For example, you could use cases to compare the cost and performance of a residential
photowoltaic system in several locations by defining a separate case for each location, or you could compare
a utility-scale photowltaic and concentrating solar power systems.

Tip. You can use the inputs browser to compare values of input variables in different cases.

Creating, Renaming, and Deleting Cases

To create a new case in your file:
e Click New.

Ed sam 2014101

@ (®New Rooftop PV v Small wind v Residential solar water v
Wind, Rebylential
Wind Resource {

Wind Turbine

@ Select a turbine from the library Search fi

To add. remove, and rename a case:

e Click the arrow to display the case menu and click a command.
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Ed sam 2015630

= (PNew Rooftop PV v Small wind Vk Residential solar water v

Wind, Residential Wind Simulate
Wind Resource

Wmd Turbine a few letters of the r
Wind Farm
State
System Costs
. OR
Lifetime T
™
Financial Parameters T
e Change model... >
Incentives Sout Tx
ut
Electricity Rates VA
. WA

Rename
Change the label identifying the case that appears on the case tab.
Duplicate
Create a copy of the active case, with a duplicate set of input parameters and results.
Delete
Delete the active case.
For a file with more cases than can fit on the toolbar, click the ellipses to show a list of cases that do not fit:

E3 sam 2014201

E’ (®)New Rooftop PV v Small wind 1

Click the ellipses when there are more
cases than can fit on the toolbar.

Wind, Residential Wind Turbine
Wlnd Resource @ Select a turbine from the library
(7 Define turbine design characteristics
Wind Turbine Name

Ao PR o nar n Fases w4
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3.4 Export Data and Graphs

SAM provides several options for exporting data and graph images to other applications for further analysis
or inclusion in reports and other documents.

Input Data

The Inputs Browser lists all of the input variables for each case in the SAM file, and allows you to compare
inputs in the different cases. You can export the data from the browser to a spreadsheet or text file as tab-
delimited text.

To export input variable values from the Inputs Browser:
1. Start the Inputs Browser: On the SAM File menu, click Inputs browser.

2. Use your mouse to select the variables you want to export: First click a different cell in the table,
and then carefully click and hold the cell you want to select. Then drag your mouse to select other
variables in the table.

3. Press Ctrl-C to copy the values to your computer's clipboard.
4. Open the spreadsheet or text file to which you you want to copy the values.
5. Press Ctrl-V to paste the values.

Metrics Table Data

You can export data from the Metrics table by right-clicking it and choosing an option to copy the data to
your computer's clipboard, which you can paste into a spreadsheet or other document.

Note. You can also use the Data table (single value) to display and export results variables from the
metrics table, and other results that are not shown in the metrics table. For example, you can find the
real LCOE in the Data table.

Annual Energy 37,211 BE8 KWh

Capacity Factor 21.2%

First Year KWhAC/KWDC 1,861

Performance Ratic 0817 e_

PPA& Price (Year 1) 10,21 ¢_;|.;1.,.'|§ Copy table

PPA Price Escalation 1.00 % Copy as CSV
Copy table

Copies the metrics table to your computer's clipboard with columns separated by tabs.
Copy as CSV
Copies the metrics table to your computer's clipboard with columns separated by commas.

May 2021



SAM Help: Reference Export Data and Graphs 57

Graph Data and Images

Right-click any graph in SAM to display a shortcut menu of options for exporting graph data or an image of
the graph. If your mouse has one button, use Control-click to display the shortcut menu. This works for
graphs on input pages and on the Results page.

To export data:
Copy data to clipboard

Copies the data visible in the graph to your computer's clipboard. You can then paste the data into
another program or document.

Save data to CSV
Creates a comma-separated text file containing the data \visible in the graph.
Send data to Excel

Opens Microsoft Excel with a spreadsheet containing the graph data.

Monthly Energy Preduction

3522006 .
Copy data to clipboard
— Save data to C5V... ]
Send data to Excel...
1Ee=008 1 To clipboard (as shown) ]
To clipboard (400:300)
‘%: 22006 To clipboard (800:0000) ]
Export (as shown)...
1E52=006 1
Export (400:300)...
Export (800:600)...
l==006 1
Export as PDF...
oo Export as SVG... ]

a
lan Feb War Aor by Jun Ml Aug tap Ot o Deac

B Met doenergy [ Met ac energy Monthly energy

To export a graph image:
To clipboard (as shown/400x 300/800x 600)

Copy an image of the graph as it appears on the screen or using the given dimensions in pixels to your
computer's clipboard.
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Export (as shown/400x 300/800x 600)
Creates a file of the graph image in BMP, JPG, or PNG format.

Export as PDF/SVG
Creates a file of the graph image in PDF or SVG format. This option is best for images that you plan to
resize later.

Table Data

Use the buttons along the top of the Results page to export data from tables. This works for The Cash Flows
table and Data Tables provide three options for exporting data shown in the tables:

CHImir sy 1ats table P = Sramne =Ty
D Al Dutu tuL‘ 25 Liaalss Tldpdl la WD

Copy to clipboard  Save as C8/.. SendtoExcel Clear all

Q, Search

@ Single Values
P Electricity Rate Data by Tier and Ps

@ Monthly Data

@ Annual Data
@ Electricity Rate Data by Year
@ Hourly Data

Copy to clipboard
Copies the table to your clipboard. You can paste the entire table into a word processing document,
spreadsheet, presentation or other software.

Save as CSV
Sawes the table in a comma-delimited text file that you can open in a spreadsheet program or text
editor.

Send to Excel

Sawves the table to a Microsoft Excel file. (Use Copy to clipboard to export data to a different

spreadsheet program.)

3.5 Reports

SAM's report generator creates a PDF file that may include the following:
e Values of input and results variables.
e Values calculated for the report using the report generator's equations.
e Graphs of results data.
e Tables of input or results data.
e Text and images.
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System Advisor Model Report
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The report generator uses a report template to generate a report using data from the case that you specify.
SAM comes with a set of report templates for some combinations of performance and financial models.

Note. The report template editor is not supported in the current version of SAM. If you have requests for
items that you would like to appear in reports, please post your request on the SAM Support forum at
https://sam.nrel.gov/forum.

To generate a report:

1. Open the .sam file containing the case or cases from which you want to generate the report.

2. Click the arrow on the case tab, and on the case menu, click Create report (or press the F6
key).
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-

Eq sam20156.30

Photovaltaic, Ca ¢jy j|ate

Location and Re: create report

Module Clear all results

Rename

Inverter
Duplicate

System Design Tz

Shading and SnclleVE=RE
Losses Move right

Change model...
Lifetime

CENCIYINGIEEN Fxcel exchange...

3. Type a file name and choose a folder.

3.6 Inputs Browser

Reset inputs to default values

= (PNew Rooftop PV v Small wind v Resic

358873 k
N 20.5%
1,797 kW
0.75
0.00%
6.56 ¢/kV
5.16 ¢/kV
5826,030
5791613
534 416
553,253
14.0 year
5508966

The inputs browser displays a list of the input variables in all cases in the active project. You can use it to:

o Review all of the input values in your project.
e Export a list of all of the inputs and their values.
e Compare inputs in different cases.

For a video demonstrating how to use the inputs browser,
http://www.youtube.com/vhunpiL HOTFY

To open the inputs browser:
e On the File menu, click Inputs Browser.

see the SAM YouTube channel:
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New project

New script

Open project

Open script

Save

Save as...

Save with hourly results

Import cases...

Inputs browser...

Close - Ctrl-w

Quit

Browsing Inputs for a Single Case

When the active project contains a single case, the inputs browser lists the variables in the case.

Variable
names in SAM

Wariable

names in SSC

3 inputs Browses | =5 E
Variable Label uniithed =

[Menthh witil | Marthly Utility Load 125630665 795:1040:1590:1925:1730:1 380: 1080 1

Oog_Schedule Qccupancy schedule 1:1:1:1:1:1:0000000001 00000 L R L

Occupants Mumber of ocoupa 4

Retrofits Energy retrafitted [ l Variable value l
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Browsing Inputs for Multiple Cases

I inputs Browser =5[]
Show different values Show equal values Show all
Variable Label Wind System Trough System
Bpar_aisc Temperature coefficient of ksc 0.
Gpar_ake_units alze Temp Coeff Units ] ] At
Gpar_area Module area | \fariable values in each case | 13
Gpar_bvoc Temperature doefficient of Voo 01

Gpar_bves_un bVee Temy \

Variable Variable

names in SSC names in SAM

When the project contains more than one case, the inputs browser lists the inputs for each case in the
project. You can filter the list to show the following:

Show different values

List variables that exist in all cases and have different values.
Show equal values

List variables that exist in all cases and have the same value.
Show all

List all variables in all cases.

3.7 Time Series Data Viewer

The time series data viewer displays graphs of time series data.

Tip. SAM's data viewer is also available as a standalone application called DView. You can download it
from NREL at https://beopt.nrel.gov/downloadDView.

The data viewer is available in SAM from the following input pages:

e Location and Resource for all solar performance models.

e Electric Load for the residential and commercial financial models.
e The viewer is also integrated into the Results page.

To open the time series data viewer:
e Click View data.
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To export data or a graph image from the data viewer:

e Right-click the graph.
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Data Viewer Quick Tips

e For graphs with two columns of check boxes, click a box in the left column of the variable list to
display a variable in the top graph. Use the right column to display variables in the bottom graph.

o Each graph can display two types of units, on each on the left y-axis and right y-axis.
e The colors in variable list indicate the line colors in the graph.
e Select a segment of the graph to zoom in.

e Use the controls at the bottom right of the graph to zoom in and out, and to set graph properties like
scale limits and line shapes.

Data Viewer Graph and Table Descriptions

e Hourly: Time series data.

e Daily: Daily totals

e Monthly: Monthly totals

e Heat map: Entire time series for a single variable

o Profile: Daily averages by month

e Statistics: Table of statistics calculated from time series data

e PDF / CDF: Histogram showing distribution of time series values for a variable, probability
distribution function (PDF) and cumulative distribution function (CDF)

o Duration Curve: Graph of time steps equaled or exceeded for a single variable.
e Scatter: An x-y scatter plot of two variables in the weather file.

3.8 Weekday-weekend Schedule

Weekday and weekend schedule matrices associate time periods with different times of day and months of
year for time-of-use or time-of-delivery applications.

To use the matrices, you draw rectangles on the matrix with your mouse, and type a number with your
keyboard for the period that applies to the times represented by the rectangles.

SAM arbitrarily defines the first day of time series data (the first 24 hours for hourly data) to be Monday on
January 1, and assigns the remaining days of the year accordingly. SAM assumes that weekdays include
Monday through Friday, and that weekends include Saturday and Sunday. SAM does not account for
holidays or other special days. It also does not account for leap years, and does not include a day for
February 29.

To specify a weekday or weekend schedule:
1. Assign values as appropriate to each of the up to nine periods.
2. Use your mouse to draw a rectangle in the matrix for the first block of time that applies to period 2.
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4. SAM shades displays the period number in the squares that make up the rectangle, and shades
the rectangle to match the color of the period. Each time period may represent a time-of-use period
for retail electricity pricing, time-of-delivery period for PPA price multipliers, a period for storage
dispatch, or other time-dependent feature.
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~Weekday Schedule

Payment
Allocation
Factor
Period 1:
Period 2: ﬁr
Period 3: —1 “Weekend Schedul
Period 4 1 N -1 [ I U - =1 [ I I O -1 -1

5. Repeat Steps 2-4 for each of the remaining periods that apply to the schedule.

3.9 Notes

The Notes feature allows you to store text associated with each input page and with the Results page.

To create notes:

1. On any input page or the Results page, click the Show Note button at the top right of the window.

E=E Bl

Show a note

2. Type your text in the Notes window.
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oS—
Motes =
hhe SkyStream turbine line was purchased by Xzeres  *
Wind from Southwest Windpower.

Endurance Wind 5-250
Erduranca Wind €242
You can click the Notes window's close button to hide the window and save your notes.
For input pages with a note, SAM displays a Note icon in the navigation menu indicating that there are
notes associated with the input page.

s

Ed sam 2014101

ﬂ @New Rooftop

Wind, Residential

Wind Resource

Wind Turbine —
ind Turbine ~

Wind Farn‘[ Note icon )

— —

For Results page notes, SAM creates a separate note for each tab (Summary, Graphs, etc.).

To delete a note:

1. Open the Notes window you want to delete.

2. Use your mouse to select all of the text in the note press the Delete key.

3. Close the Notes window by clicking the 'x' in the window's top right corner. SAM will remowve the
appropriate Note icon from the navigation menu.

3.10 Excel Exchange

Excel Exchange allows you to link any input variable in SAM to a cell or range of cells in a Microsoft Excel
workbook. This feature allows you to use an external spreadsheet-based model to generate values for SAM
input variables. SAM can both import input variable values from an Excel worksheet and export input variable
values to the worksheet.
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Using Excel Exchange involves the following steps:
e Prepare an Excel workbook for the data exchange.
e In SAM, configure and turn on Excel Exchange.
e In SAM, run a simulation. SAM exchanges data with the Excel workbook during the simulation.
For an example of SAM with Excel Exchange, download the files excel-exchange-example.sam and excel-

exchange-example.xlsx from the Sample Files collection in the SAM GitHub repository. To run it, place both
files in the same folder on your computer, open the SAM file, and run a simulation.

Notes.

Excel Exchange is designed to allow you to read values of SAM input variables from an Excel workbook.
You cannot use Excel Exchange to wite values of SAM results to a workbook. If you want to export
results to Excel, you can use one of the options described in Export Data and Graphs, or you can write
a script to export SAM results.

Excel Exchange works in the Windows version of SAM and requires that Microsoft Excel be installed on
your computer. It will not work with other spreadsheet software or in the Mac or Linux versions of SAM.

When SAM runs with Excel Exchange turned on, it exchanges data with a copy of the Excel file in
computer memory that you cannot see. It does not modify the file stored on your computer's disk, so
you will not see any changes in the workbook values.

If the Excel workbook contains more than one worksheet, SAM can only exchange data with the first
worksheet (the worksheet whose tab appears on the leftmost tab).

To prepare an Excel workbook for Excel Exchange:

e Create an Excel workbook with the calculations you want to perform in Excel. Use the first
worksheet in the workbook for the data exchange.

¢ Identify the cells or cell ranges you plan to use for the data exchange. You can refer to them using
either ranges (module_cost, NameplateCapacity, etc.) or cell references (A1, C15, etc.).

e For SAM input variables with multiple values specified in SAM using an annual schedule, use the
cell reference notation (A1:A12, B15:G15, etc.) rather than a named range.

To configure and turn on Excel Exchange:
1. Create or open the SAM file you want to configure for Excel Exchange.
2. Sawe the file.
3. Onthe case menu, click Excel Exchange.
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ﬂ SAM 2014.10.1: FASkyDrive\ SAMSample Files\sam-excel-exchange-example.sam

 JROLTY

Residential PV S

Photovoltaic. Ri ¢j 1, ||ate

Location and Re ffgleaeees report

hModule

Inverter

System Design
Shading

Losses

System Costs ©

Degradation

Clear all results
6,857 kWh

Rename > B
Duplicate 1,770
0.788
5.35 ¢/KWh
Move |eft 4.23 ¢/kWh
. $3,245.90
Move right 61,5395
Change model... §1,706.45
. $17,633.96
Reset inputs to default values 25112 year
Excel exchange...
L Krthhs Fr

4. Inthe Excel Exchange Window, check Turn on Excel Exchange for the base case simulation
to active Excel Exchange. You can clear the check box to keep the Excel Exchange configuration
without running the Exchange when you run a simulation.

5. For Excel file, click the E] browse button and choose the Excel file you want to use for the
exchange. You can remowe the file path if you plan to keep the Excel and SAM files in the same

folder.

6. Inthe Variables list, add the SAM variables you want to use for the data exchange: Click Add to
open the input variable browser.

7. For each variable in the list, click its name, and

a. For Excel range, type either the cell reference (A1, C10, etc.) or range name (module_cost,

NameplateCapacity, etc.) of the workbook cell or range associated with the SAM variable. Do

not enclose the references or names in quotes.

Send variable value to Excel if you want to send that variable's value to the Excel workbook,

Capture variable value from Excel if you want to read that variable's value from the Excel

b. Click
or
workbook.
8. Click OK.

9. Click Simulate to run a simulation with Excel Exchange.
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Excel Data Exchange Reference

P

Excel Exchange @

[¥] Turn on Excel Exchange for the base case simulation

Excel file:  sam-excel-exchange-examplexls: m

UELT 20 Balance of system equipment, cafli W2 RELRE

Installation labor, capacity

Add... Installer margin and overhead, ca| bos_cost
Inverter Cost
Remove | |piodule Cost ) 5end variable value to Excel

Mumber of inverters

@) Capture variable value from Excel
Murnber of modules

Clear all

The Excel range can be a cell reference (such as C7) or a named range, except for annual schedule variables,
which require a cell reference (A1:412, B10:G10]) rather than a named range.
You can specify an Excel file with no path if the workbook is in the same folder as the SAM file,

Ok ‘ I Cancel

Turn on Excel Exchange for the base case simulation
Check the box to turn on the data exchange.

You can clear the box to keep the Excel Exchange configuration without exchanging data when you run
a simulation.

Excel file
The name of the Excel workbook for the data exchange.

If you plan to keep the Excel file in the same folder as the SAM file (.sam), you do not need to include a
path in the file name. Use this option if you plan to share the file with someone else, or copy the files to
different computers.

EJ Browse

Browse your computer's folders to find the Excel workbook with which you want to exchange data. The
workbook can be located in any folder on your computer.

Add

Add one or more input variable from the input pages. You can configure each variable to either send a
value to an Excel range, or "capture" a value from an Excel range.

Remove
Delete the highlighted variable from the list.
Clear All

Delete all variables from the list.

May 2021



SAM Help: Reference Excel Exchange 71

Excel Range

The range name or cell reference identifying the cell or range of cells in the Excel workbook with which
the highlighted variable will exchange data.

Send Variable Value to Excel Range

Configure the highlighted variable to send its value to the specified range in the Excel workbook.
Capture Variable Value From Excel Range

Configure the highlighted variable to capture its value from the specified Excel range.

3.11 Libraries

A library is a text file of comma-separated values that stores sets of data associated with a SAM input in
the libraries folder of your SAM installation folder. SAM displays the library contents in a library browser
where you choose an item from the library to populate values of a set of input variables. For example, the
detailed photowoltaic model uses a library to store inverter parameters. By choosing an inverter name, you
populate the 16 input variables required to specify an inverter using the CEC inverter model.

Note. In addition to the parameter libraries shown in the table below, SAM also creates libraries as
temporary files on your computer to store information about your wind and solar resource data files. For
more about weather file libraries, see Weather Files and Libraries.
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Name
CEC Inwerters
CEC Modules
Empirical Trough HCEs

Empirical Trough Power
Cycles

Empirical Trough SCAs

Physical Trough
Collectors

Physical Trough
Receivers

Sandia Modules
SRCC Collectors
TOD Schedules and
Factors

Trough Parasitics

Wind Turbines

Description
Photowltaic inverters
Photowltaic modules

Parabolic trough
receivers

Power block parameters
for parabolic trough

Parabolic trough
collectors

Parabolic trough
collectors

Parabolic trough
receivers

Photowoltaic modules

Solar water heating
collectors

PPA price multipliers

Parabolic trough
parasitic loads

Wind turbine power
cunes

Choosing Items from a Library

Model
Detailed photowoltaic
Detailed photowoltaic

Empirical trough

Empirical trough

Empirical trough

Physical trough

Physical trough

Detailed photowoltaic

Solar water heating

All PPA financial models

Empirical trough

Empirical trough

Source
Go Solar California
Go Solar California

NREL

NREL

NREL

NREL

NREL

Sandia National

Laboratories

Solar Rating and
Certification Corporation
NREL

NREL

NREL

SAM displays library items in a list. To choose an item from the library, click a row in the list. Depending on
the input page, SAM either populates the associated input variables with values from the library, or applies
the values after you click an Apply Values from Library button.
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Type a few letters to filter the list.

~Heat Collection Elem I Receiver Library

Change the filter category.

Search for lName

Mame Broken Bellows Transmigs... Absorpion  Unaccount_. AQ Al A2 =
Schott PTRI0 Vacuwm o 0.063 0963 0.56 1.4 018741 -0.0011%34
Schott PTRT0 Lost Vacuum 0 0963 056

cno TR ydogen o

Luz Cerrmet Vacuum

Click a column heading
to sort the table.

Luz Cerrnet Lost Vacuum
Luz Cermet Hydrogen

064628 082543 000014146

S e = = e T = R

?:ﬁ‘@@ﬁ@ﬂll

Luz Cesrmet/Fluorescent 0471 07 08

Solel UVACE Vacuum 0571 0.96 056 1B615 016741 -0.0011534
Solel UVALC Lost Vacuum 0471 0.96 0.96 -0.16434 0ATTIE -0.00075342
Solel UVAC2 Hydrogen 0571 0.96 056 92419 1.3648 00010516

[P PSRN T T e I T PR R ll [ Na" NN L= 4] GRELE4 Ll 5
Fl i ¥

Modifying Libraries

For most applications, you do not need to modify libraries. However, if you have reason to modify a library,
you can easily do so by editing the library file with a text editor or spreadsheet program.

Note. If you modify a library, do not change the first three rows of the library file.

The library file format is defined as follows:
e Libarary files use the .csv file name extension and are stored in the Libraries folder of your SAM
installation.

The first row of a library file is a list of the labels describing the input variables stored in the library.
SAM displays these labels in the library browser. It does not use these labels in calculations.

The second row is a list of units for each variable in the library that SAM displays in the library
browser. SAM does not use the units in calculations.

The third row is a list of SSC variables in the library. Do not change these values because SAM
uses them to identify the values in the library.

The fourth row is the set of parameters for the first item in the library.

To add an item to a library:

1. Inthe Libraries folder, open the library you want to modify with a text editor or spreadsheet program.
Use the table abowve to find the library's name.

2. Add your item after the last row of the library. Be sure to use the same units and conventions as the
other items in the library.
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3.12 Macros and Scripting

An LK script is code that you write in a SAM file to automate assigning values to SAM inputs, running
simulations, and reading and writing SAM results. A macro is an LK script packaged with SAM that you run

from the Macros page.

Running Macros

SAM comes with a set of LK scripts packaged as macros. Macros are designed to allow you to run scripts

without having to write it.

To run a macro:

e Click Macros.

Simulate >

| ' Dat

Parametrics Stochastic

P50 / P90 Macros, i N im—

D sam2n401

ﬂ @ New

Solar water, Commercial Run macra »

Location and Resource

2. Click a macro's name to
see its description and inputs.

Degradation

awnload Electric Load Auxiliary Gas Heater i

SAM's solar water heating model assumes that the solar
collector and an awdliary electric heater raise the mains
water lemperature (0 a user-defined setpoint. This script
shows one way te use SAM to approximate the savings of a
SWH system with an auxiliary gas heater,

e a Tornado Chart

g Considerations

S H
Weather File Checker The script calculates the annual gas energy that would be

required without the solar collector, the annual gas energy
saved by the solar collector, and the annual solar fraction

Financial Parameters

. . Weather File Converter
Incentives X

- = The gas energy values are reported in KWh, bt can easily
Electricity Rates be comverted to Btu or other energy units,
Instructions:

1. Verify the tank losses and buming effciency values at
right. You can modify the values if you want.

2. Run the macro (button abave).

3. Review the results in the console below.

Electric Load

Burning efficiency

3. Review and change
the macro's inputs.

| 5. Check the console for messages and results.

Some macros display results in a separate window I

fing...simulation complete.

~

1. Click Macros to show a list
of macros available for the case.
By from gas saved with solar = 6,274 437 KWh/year

Simulate > Energy from gas used with no solar = 4.113.094 kWh/year
Annual solar fraction = 161

D e Number of hours with solar fraction of one = 2

P50 /P90

Creating and Editing Scripts

You can write your own LK scripts to automate SAM analysis tasks:

e Set values of inputs.
e Run simulations.
e Read results.
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e Read and write data from text files.

e Create Microsoft Excel objects to exchange data with Excel workbooks.

e Create graphs.
e Interact with the internet.

e Run SSC modules directly. (See Software Development Kit.)

For a complete reference to the LK scripting language, click Scripting reference above:

Back Home Website Forum Email support Release notes

Contents | Search

n System Adviser Medel Help (scripting --> file:///FAsam_de\SAMnt\deploytruntime\help\htmfindechtmi?sonipting. htm) [=][=

Scripting reference

)

About

Close

Click Scripting Reference to
open the PDF guide o LK.

Introduction

Financial

Running Macros

SAM comes with a set of LK scripts package|

To run a macro:
Click Macros.

Simulate >

F

Parametrics Stochastic

Nokes

L k_guide.pdf - Adobe Acrobat
File Edit View Window Help x

111 i Statements

The smplest bennching construct btk i statement, For cxample:

it f ile < 0.0 )
1{
outle("Ervor: tilt asgle sust be O or greatar™)

Note the following charscteristios of the 3] satemess

1. Wi test b placoed b pareobosos. sfter tha 6 loeyword

2 A curly bewoo |indiovtos & new block of oode s atements
The folkwing prograsn oo inchude the sstemests to cxecyte when tho 1 et mcosoeds
T help groprass resdabiliny, the statotnents isside Lhe £ are ususlly indented

The eonsirust cotcbades with e | ewrly brace s indieate the end of the Biock

o o

When the if tem fails, (e program sislements isside Uhe Block are skipped

31T else Construct

Wk Vot alse Bave oom TGS you wish Lo sxecuts whin the 1f tat faili, use tho e188 clamse. For
xasple

if { power > 0 )
!
SDATEY = power * time:
SPETATing oSt = eBEIEY * eSeTgY_coat:

outlal*Errer, =o pover vas gesarated.®):
smargy = -i;
operating cost - -1;

¥

5.50 x 11.00 in ‘ m 3

LK Script notes:

e When you sawe the script, SAM stores it in a text file with the .Ik extension.

e LK script files are separate from SAM files.

e The LK scripting language is also part of the SAM software development kit (SDK).
e For examples of LK scripts, see LK Scripts for SAM on the SAM GitHub repository.

To create or open an LK script:

e On the File menu click New script or Open script.
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New project
New script
Open project
Open script
Save

Save as...

Save with hourly results

Inputs browser...

Close Ctrl-w

Quit
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EA F\SkyDrive\ SAMNLIC Sample scraps from Aron\lk_features_test.lk * =

New Open Save Saveas Find Run» Variables Functions Help Close

1/ This script tests s epations
2
3 cutln("Number operato
4a =1;
5 cutlnfa); ) ) )
Ga += 2; List available input
7 outln(a); and output variables.
8a *= 2.5;
9 cutlnfa);
18a -= 1;
11 cutlnia);
12a /= 3;
13 cutln(a);
14 cutIn(™"};
15
16 cutln("Concatenate strings:");
175 = "abc';
18 s += "def’;

1 | I |

Run the script

The console displays
script output. -

Murmnber cperators:
1
a \
1.5 —
6.5

216667

| »

m

Concatenate strings:
abecdefghi

Running Scripts from the Command Line

You can run a script from the command line in a Command or Terminal window. The syntax is:
[path to SAM executable] [any string] [path to .Ik script file]
Note the spaces between each parameter.
For example, in Windows, the command might look like this:
c:/sam 2020. 2. 29/ x64/ sam exe not-a-samfile c:/test. |k

The command starts the SAM desktop application, opens the .